I
ncreasing evidence shows that patients with type 1 diabetes are at high risk for several cardiovascular disorders, such as coronary artery disease, stroke, peripheral arterial disease, cardiomyopathy, and congestive heart failure (1). These risks are particularly high in patients with uremia and type 1 diabetes, even after kidney transplantation (2) (3) (4) . A worsening of carotid lesion has been observed in patients undergoing kidneyalone (KA) transplantation (5) . Proneness for accelerated atherosclerosis, hypertension, hyperinsulinemia, hyperhomocystinemia, and steroid treatment are the risk factors that could play a major role. Hyperhomocystinemia, high levels of von Willebrand factors (vWFs), a prothrombotic state, and endothelial-dependent dilation (EDD) are commonly involved in development of atherosclerosis, but their role in post-transplant status is not well known. In particular, endothelium modulates platelet adhesion, macrophage migration, lipid transport, and mitogenesis (6) . Impairment of dilation ability is an important predictor of atherosclerosis and its complications (7) . Diabetes, uremia, and hyperhomocystinemia are conditions with known increased proneness toward EDD (8) . Kidney-pancreas (KP) transplantation in patients with type 1 diabetes seems to play a protective role in the progression of cardiovascular disease in these patients: a statistical reduction in mortality (at 7 years, KP ϭ 76.2% vs. KA ϭ 63.5%) is observed in patients undergoing KP transplantation (2, 3) . Our aim was to evaluate, through a crosssectional study, the major risk factors for cardiovascular disease in patients with type 1 diabetes undergoing KA or KP transplantation.
RESEARCH DESIGN AND METHODS
Patients and transplantation. Ninety patients with uremia and type 1 diabetes were enrolled in the study. Sixty patients underwent KP transplantation (9) . The group who underwent KA transplantation comprised patients in whom a pancreatic graft was lost early in the postoperative period (10 patients) or patients who underwent renal transplantation only (20 patients) because macroscopic damage of the pancreas at harvesting (30 patients). The clinical characteristics of the two patient populations were similar upon enrollment in the study (Table 1) ; exclusion criteria included history of stroke, major amputation, and severe dilated cardiomyopathy. Coronary artery disease was defined on the basis of resting electrocardiography, thallium-201 myocardial perfusion scintigraphy, and coronarography in patients with positive results on thallium-201 scintigraphy. None of the patients had a pathological ejection fraction, and none of the patients had characteristics compatible with any of New York Heart Association classifications for heart failure. In particular, cardiovascular conditions were similar among the patients enrolled in the study, and no differences were evident, such as prior myocardial infarction, lipid status, and smoking habit (Table 1) . Patients with clear signs of systemic infection, lymphoproliferative disease, urinary infection, enhanced erythrocyte sedimentation velocity, or C-reactive protein were excluded from the study.
Organs for transplantation were obtained from cadaver donors through Nord Italia Transplant. All patients received the following immunosuppressive treatments: anti-thymoglobulins (IMTIX, SANGSTAT), cyclosporine 6 mg ⅐ kg Ϫ1 ⅐ day
Ϫ1
, azathioprine 1 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 and prednisone 10 mg/day Ϫ1 . Renal rejection was treated with 500-mg pulses of methylprednisolone. Cases of "steroid-resistant" rejection were treated with OKT3 or a course of anti-thymoglobulins (IMTIX, SANGSTAT). Patients undergoing KP transplantation were insulin-independent, whereas patients undergoing KA transplantation were on conventional subcutaneous insulin therapy (average 48 IU/ day). Patients received long-acting insulin the evening before the test. Cyclosporine levels were within the therapeutic range. Study design and laboratory assessment. For this cross-sectional study, only patients with transplantation follow-up longer than 1 year were selected. In all patients, the following data were evaluated in the fasting condition: creatinine, cyclosporine, blood glucose, GHb, serum C-peptide, serum free insulin, total cholesterol, triglycerides, folate, vitamin B 12 , urinary albumin excretion rate, fasting plasmatic homocysteine (tHcy), post-methionine load tHcy, vWF levels, D-dimer fragments (DDF), and fibrinogen. Plasma vitamin B 12 and folate levels were determined by chemiluminometric immunoassay (Ciba Corning ACS, Medfield, MA). Fasting tHcy levels were obtained after cleavage and reduction with sodium borohydride followed by derivatization with SBD-F (ammonium-7-fluorobenzo-2-oxa-1,3-diazole-4-sulfonate) (10) . Levels of vWF were determined by an immunoelectrophoresis method based on the use of polyclonal goat IgG anti-human vWF (American Diagnostic, Greenwich, CT) (11) . The other parameters were assessed with common laboratory kit assay. Blood pressure was measured three times with a sphygmomanometer with patients in the sitting position; the average of the last two measurements was recorded. Hypertension was considered systolic blood pressure of 140 mmHg or higher, diastolic blood pressure of 90 mmHg or higher, or use of an antihypertensive medication. The categories of medication assessed in this study were ACE inhibitors, vasodilatory agents, beta blockers, and calcium channel blockers (12) . No lipid-lowering agents were administered. Blood pressure was recorded at each outpatient control (every ϳ3-6 months). Pancreatic function and renal function (GHb and serum creatinine) were tested during enrollment and every 6 months thereafter. Only patients with good graft function were included in the study. Endothelial function evaluation. All patients underwent endothelial function assessment, and 20 healthy subjects were chosen as control subjects (mean age ϭ 44.5 Ϯ 1.5 years, sex (M/F) ϭ 12/8, HbA 1c ϭ 4.7 Ϯ 0.2%, smokers ϭ 25%, BMI ϭ 24.5 Ϯ 0.4 kg/m 2 ). EDD (e.g., produced by nitric oxide release) was assessed by evaluation of flow increase after hyperemia and studied by vasodilation mediated by substances that release exogenously nitric oxide (e.g., nitrates). Anteroposterior diameter and peak systolic velocity changes of the right brachial artery were evaluated as parameters of endothelial function. The vessel was studied with a color Doppler unit (ATL HDI 3,000, Bothell, WA) using a 7.5 linear probe in a longitudinal section above the antecubital fossa at the same location (at rest) after local hyperemia and after systemic vasodilation. The diameter of the artery was preferentially evaluated in B mode and flow velocity measurements were recorded (gate width ϭ 1 mm) adjusting the color Doppler unit for medium or high flow settings: pulse-repetition frequency was variable from 3,000 to 4,000 Hz. An occluding forearm cuff placed 5 cm below the antecubital fossa was inflated to 50 mmHg above systolic pressure for 5 min and then released to induce reactive local hyperemia. Recordings were made 5, 60, and 120 s after onset of reactive hyperemia. Brachial artery diameter and flow velocity were measured before and 3 min after sublingual administration of nitroglycerin spray (400 mg). Blood pressure was recorded with an automated sphygmomanometer (LifeStat 200, Physio Control). All examinations were performed by the same operator (M.V.) at 8:00 A.M. with patients in fasting condition and in the supine position; care was taken to avoid artifacts by exerting minimal pressure, particularly on the brachial artery, which courses superficially. Angle correction was essential to obtain reproductive flow velocity measurements. In all patients, the arm without the shunt was used for testing. Our reproducibility for EDD performed in control subjects was similar to that reported in the literature, ranging from 2.5 to 3.0% (13) , whereas the variability was lower for nitrate dilation. Intima media thickness assessment. Ultrasonographic analysis of the carotid artery was performed with a high-resolution ultrasound scanner (Acuson 128 Xp/10) equipped with a linear array 3.5-to 5-MHz transducer. Optimal axial resolution was ϳ0.20 mm. The angle of examination was antero-oblique and lateral; we collected longitudinal images from both arteries and stored them with a color video printer. Subsequently, we transformed them in a digital format with an image scanner and calculated the distances. The analysis limited to the "far wall" of a restricted area of common carotid artery was at least 1 cm below the bifurcation; the start of the carotid bifurcation was evaluated as the point of loss of parallel configuration of the far and near wall.
All images were recorded by a single trained technician. All intima media thickness (IMT) data were analyzed in the same session by a single trained, blinded physician. IMT was defined as the distance from the leading edge of the lumen-intima interface and the leading edge of the media-adventitia interface of the far wall. The mean of the right and the left longitudinal common carotid artery IMT measurements was used in the analysis. Intraobserver variability varied between a mean Ϯ SD difference of 0.02 Ϯ 0.02 mm in selected and trained groups (14) ; this is quite similar to our reproducibility. Statistical analyses. Student's t test for unpaired data and 2 test for categorical variables were used to compare data from the two groups of patients. If normal distribution was not present, the Mann-Whitney U test was used. The Spearman rank test was used to assess correlation between parameters. Furthermore, stepwise regression was used to evaluate the relationship among multiple variables. Data are expressed as means Ϯ SE.
RESULTS
Metabolic and clinical characteristics during the study. No differences between the groups were evident with regard to age, number of rejection, episodes of infection, creatinine, cyclosporine, folate levels, vitamin B 12 levels, and hematocrit or immunosuppresive treatment. All cardiovascular risks factors (duration of diabetes, duration of dialysis, total cholesterol, creatinine, age, hypertension, and smoking habits), except triglycerides, were similar in the two groups. Triglyceride levels were statistically higher in the patients undergoing KA transplantation (Table 2) . Patients undergoing KP transplantation showed better GHb (KP ϭ 6.2 Ϯ 0.1% vs. KA ϭ 8.4 Ϯ 0.5%; P Ͻ 0.01) ( Table 2 ). Insulin and blood glucose levels were significantly higher in the KA transplantation group (Table 2) . Atherothrombotic risk factors. A lower rate of hypertension was observed in patients undergoing KP transplantation than in those undergoing KA transplantation (NS), even if blood pressure was quite well controlled by anti- hypertensive drugs (as shown by systolic and diastolic blood pressures in the normal ranges) ( Table 2) . Globally, patients in the KA transplantation group had been treated with more antihypertensive drugs than those in the KP transplantation group (NS). Patients in the KA transplantation group showed higher values for fasting but not post-methionine load of tHcy, vWF levels, DDF, and fibrinogen levels ( Table 2 ). No differences between the two groups were evident regarding folate or vitamin B 12 status, and only six patients in the KP transplantation group and four patients in the KA transplantation group (NS) received folate supplementation. The urinary albumin excretion rate was higher in the KA transplantation group than in the KP transplantation group (KA ϭ 57.3 Ϯ 26.3 mg/24 h vs. KP ϭ 13.5 Ϯ 1.9 mg/24 h; P Ͻ 0.01) ( Table  2) . Finally, tHcy levels were positively related to creatinine levels (P Ͻ 0.01). Endothelial function. Patients in the KP transplantation group, but not the KA group, showed a normal EDD, whereas no differences in nitrate-dependent dilation were noted between the two groups ( Fig. 1) . EDD in the KA group was statistically lower than in the KP and control groups. In particular, 16 of 30 patients in the KA transplantation group and 9 of 60 patients in the KP transplantation group (P ϭ 0.01, 2 ϭ 6.4, df ϭ 1) showed a paradoxical vasoconstrictor response during the hyperemia test, a phenomenon described in the presence of severe EDD and diffuse atherosclerosis. EDD, in all patients, was negatively associated with tHcy (P Ͻ 0.01), vWF (P Ͻ 0.01), and total cholesterol (P Ͻ 0.01) levels; this was confirmed in both groups. Even considering the two groups separately, tHcy and vWF still seemed to be the major determinants for EDD, particularly in the KP transplantation group. No correlations were evident between EDD and blood glucose or free insulin levels.
IMT. IMT was lower in the KP transplantation group than in the KA transplantation group (KP ϭ 0.74 Ϯ 0.03 mm vs. KA ϭ 0.86 Ϯ 0.09 mm, P ϭ 0.04), with a difference of more than 0.1 mm (the cutoff for an increased risk for myocardial infarction was 11%). Moreover, IMT was positively related to vWF (P Ͻ 0.01). Subanalysis of the KA transplantation group. The KA transplantation group (30 patients) comprised patients in whom the pancreas graft was lost within a few days after transplantation (10 patients) and patients who in whom only the kidney was transplanted due to macroscopic damage of the pancreas at harvesting. Results observed in these two subgroups were similar (Table 3) .
FIG. 1. EDD (%) and nitrate-dependent dilation (NTD; %) in patients
with uremia and type 1 diabetes undergoing KP transplantation (n ‫؍‬ 60, Ⅺ), patients with uremia and type 1 diabetes undergoing KA transplantation (n ‫؍‬ 30, u), and control subjects (C; n ‫؍‬ 20, f). * P < 0.01. 
EFFECTS OF KIDNEY-PANCREAS TRANSPLANTATION ON ATHEROSCLEROTIC RISK FACTORS

DISCUSSION
Our study shows that markers of prothrombotic state (vWF, DDF, tHcy, and fibrinogen) are lower in patients with type 1 diabetes after KP transplantation than in patients with type 1 diabetes after KA transplantation. Normal EDD and reduction of IMT was observed in patients with type 1 diabetes who had undergone KP transplantation, but not in those who had undergone KA transplantation. KP transplantation seems to play a protective role against atherosclerotic risk factors and progression of macroangiopathy when compared with KA transplantation. Atherothrombotic risk factors. tHcy. Hyperhomocystinemia is common in patients who have undergone kidney transplantation, patients undergoing dialysis, and patients with type 1 diabetes (15,16), conditions that were or had been present in the patients in our study. tHcy, which is a well-established risk factor for atherosclerosis in patients with uremia or diabetic microalbuminuria (16), can be an important factor in worsening of coronary artery disease in patients who have undergone kidney transplantation (17) . There is increasing evidence that tHcy may affect the coagulation system and the resistance of the endothelium to thrombosis and that it may interfere with the vasodilator and antithrombotic functions of nitric oxide (18) . Hyperhomocystinemia impairs EDD in human resistance and conduit vessels (8) . It is interesting to note that tHcy levels Ͼ20 mol/l are associated with a fourfold increase in total mortality in patients with coronary artery disease (18) . Lower tHcy levels were observed in the KP transplantation group than in the KA transplantation group, and the reason is unclear. This could be because of initial impairment of renal function, as shown by the urinary albumin excretion rate in the KA transplantation group, by the worst glycometabolic control in the KA transplantation group (as shown by high HbA 1c levels), or by these two variables, which are known to be interdependent (19) . Another hypothesis is that the hepatic tHcy metabolic pathway could act differently in both the KA and KP transplantation patients. In particular, it has been observed that insulin-treated diabetic rats showed a reduction in hepatic trans-sulfuration enzymes (cystathionine ␤-synthase and cystathionine ␥-lyase) with reduction of tHcy catabolism (20), suggesting that tHcy could be linked to insulin levels. Lower serum insulin levels and improved insulin sensitivity was shown in KP transplantation patients, compared with patients in the KA transplantation group with type 1 diabetes or those undergoing dialysis, although these parameters were not fully in the normal range (21) . Our data confirmed the presence of higher fasting insulin levels in the KA transplantation group than in the KP transplantation group. vWF levels and prothrombotic state. Regarding higher levels of vWF found in the KA transplantation group, it is interesting to note that the formation of platelet thrombi is needed as a defense mechanism, but may induce conditions such as myocardial infarction, coronary artery disease, and ischemic stroke (22) . vWF is a glycoprotein that is synthesized in endothelial cells and megakaryocytes as a precursor and stored as a multimer in specific organelles (Weibel-Palade bodies in endothelial cells and ␣-granules in megakaryocytes). The function of vWF is the promotion of thrombus formation by mediating adhesion of platelets to the injured vessel wall (23) . vWF is involved in the development of atherosclerotic lesions. High plasma levels of the protein have been found to be an independent risk factor for recurrent myocardial infarction and death (24) . Endothelial cells are the origin of all circulating vWF, and increased plasma levels may reflect the extent of vascular damage. The presence of enhanced levels of DDF and fibrinogen in patients in the KA transplantation group, without signs of infections (e.g., enhanced white blood counts, C-reactive protein, erythrocyte sedimentation velocity), confirmed the presence of a prothrombotic state. KP transplantation could present lower values of vWF, probably for the concomitant lower tHcy levels, for the better glycometabolic and lipid profile; all of these factors could induce endothelial damage with vWF release. Endothelial function. Endothelial function is impaired in KA transplantation versus KP transplantation. It is well known that endothelial function reflects the ability of endothelium to produce nitric oxide; this ability is profoundly impaired in patients with uremia (25) . Brachial artery atherosclerosis correlates with coronary and carotid atherosclerosis (26) . Forearm endothelial function is impaired in patients with established coronary atherosclerosis (26) . Therefore, the brachial circulation seems to be a reasonable surrogate for the study of coronary circulation (26 -28) . In addition to vascular tone, the endothelium regulates cell adhesion, platelet aggregation, coagulation, lipid transport and oxidation, inflammation, and mitogenesis (6) . Changes in EDD precede structural changes during experimental induction or regression of atherosclerosis in monkeys (7) . Endothelial function in patients who have undergone KP transplantation is normal; this could be the result of the reduction of the atherothrombotic state. Moreover, it seems likely that hyperglycemia per se could only partially account for the differences in endothelial function between patients who have undergone either KP or KA transplantation. A recent study showed that patients with type 1 diabetes of recent onset without complications (except hyperglycemia) did not have endothelial dysfunction (29) . Finally, in our study, no correlations regarding blood glucose levels and EDD were evident between the KA and KP transplantation groups. IMT and cardiovascular risk. Higher values of IMT present in the KA transplantation group could be an important index of future coronary and cerebral ischemic diseases. It is known that intimal thickening precedes atherosclerotic lesions: for each 0.1 mm of IMT, the risk of acute myocardial infarction increases by 11% (30) . Therefore, IMT could be used as an intermediate point for cardiovascular disease (31) . This suggests an important proneness toward cardiovascular events in patients who have undergone KP transplantation. Increased IMT could be the final step of the cascade induced by the enhanced prothrombotic state. Our study confirmed the importance of hyperglycemia and related conditions in inducing impaired microvascular and macrovascular reactivity and blood/plasma viscosity (32, 33) . Limitations of the study. The major limitation of this study is the use of a cross-sectional approach. Although the two populations were homogeneous before transplantation, as far as cardiovascular status is concerned, prothrombotic status and endothelial function were not specifically studied before transplantation.
Conclusions. This study shows a lower prothrombotic state in patients with type 1 diabetes who undergo KP transplantation than in patients with type 1 diabetes who undergo KA transplantation. This has direct consequences on endothelial function and IMT. From these data, it seems that KP transplantation is protective (compared with KA transplantation) against atherosclerosis progression. It is noteworthy that these results were achieved after a relatively short follow-up, confirming the importance of pancreas transplantation on macroangiopathy. This protection is reached through an amelioration of glycometabolic profile, a lower prothrombotic state, normal endothelial function, and reduced IMT.
